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Description 

The present invention relates to a catheter as- 
sembly for extracorporeal circulation which is suit- 
able for use in heart treatment and the like. 

Patients suffering from heart failure, e.g. myo- 
cardial infarction, have hitherto been treated by 
various methods such as percutaneous trans- 
luminal coronary angioplasty (hereinafter abbrevi- 
ated to "PTCA"), and Intra Aortic Baloon Pumping 
(hereinafter abbreviated to "IABP"). 

In PTCA, a balloon is inserted into the con- 
stricted lesion of the coronary artery, and is then 
inflated to dilate the constricted lesion. 

In IABP, a balloon is inserted in the base 
portion of the aorta, and is then repeatedly inflated 
and deflated synchronization with the heart beat to 
increase blood flow in the coronary artery, hence, 
to assist a heart whose function has degraded. 

The conventional methods involve the following 
problems: 

PTCA treatment may put a patient into a shocked 
condition, which is very dangerous; and IABP treat- 
ment can increase blood flow only to a limited 
extent because the heart assisting function can be 
degraded with a drop in the cardiac output, some- 
times failing to assure the patient's recovery. 

Because of those problems, it is sometimes 
necessary for heart treatment to be performed si- 
multaneously with auxiliary circulation of the blood, 
wherein an extracorporeal blood circulation circuit 
is formed for this purpose during the heart treat- 
ment. 

During the treatment of heart failure, e.g. acute 
myocardial infarction, because the heart function is 
degraded, emergency auxiliary circulation of blood 
is performed to add oxygen and remove carbon 
dioxide. 

In such cases where auxiliary blood circulation 
is necessary, there is too little time to form the 
circuit by open heart surgery. 

In such cases, therefore, catheters capable of 
percutaneous insertion are employed to allow blood 
to be drawn from and pumped back into the pa- 
tient's body through the catheters, thereby effec- 
ting extracorporeal circulation. For instance, the 
catheter on the blood-drawing side of the circuit is 
inserted into the femoral vein by an insertion meth- 
od, described later, with the distal end of the cath- 
eter reaching through the bifurcation of the vena 
cava to the right atrium and being indwelt therein. 

However, with a conventional catheter device, 
since percutaneous insertion is conducted, the di- 
ameter of a catheter is inevitably small, thereby 
involving a great resistance to the flow of blood, 
hence, a great pressure loss. Thus, it is difficult to 
assure sufficient amounts of drawn-out blood and 
pumped-in blood. 



When extracorporeal circulation is conducted 
simultaneously with the execution of PTCA or IABP 
heart treatment, in order to transfer oxygenated 
blood from a lung apparatus into the blood vessel, 

5 a blood-transfusion catheter device must be in- 
serted into a blood vessel portion which is different 
from the portion where a balloon is inserted for the 
PTCA or IABP treatment. Thus, the insertion of the 
blood-transfusion catheter device makes the entire 

w operation complicated, and creates an additional 
burden on the patient. 

An object of the present invention is therefore 
to provide a catheter assembly with a catheter that 
has a diameter small enough to facilitate percuta- 

75 neous insertion at the time of auxiliary blood cir- 
culation but is capable of assuring sufficient 
amounts of drawn-out and pumped-in blood. 

US-A-3 547 119 (HALL) shows a catheter for 
peritoneal dialysis having lateral apertures in its 

20 end portion without giving precise dimensions of 
the side holes. The disclosed catheter is also per- 
manently equipped with a valve assembly, so that 
it is impossible to introduce a dilator or other 
means in the catheter through a connecting instru- 

25 ment. 

US-A-3 565 078 (VAILLIANCOURT) discloses a 
catheter coupling assembly having a valve liner 
adapted to receive a connector for introducing into 
the open end of a catheter. No indication is given 

30 on the structure of the catheter itself. 

The article of Philipps et al "Percutaneous initi- 
ation of cardiopulmonary Bypass" in the Annales of 
Thoracic Surgery 1983 - pages 223-225 only 
shows the use of a cannula having a plurality of 

35 side holes as well as an end hole without giving an 
indication on the specific location of the side holes 
or the length of active parts of the cannula. 

Another object of the present invention is to 
provide an assembly for extracorporeal circulation 

40 that enables extracorporeal circulation to be effec- 
ted simultaneously with the execution of heart 
treatment. 

As claimed, the catheter assembly of the in- 
vention comprises a catheter and a connecting 

45 instrument. The catheter has a hollow body in- 
troducible into a blood vessel and provided with an 
opening at a distal end thereof and a plurality of 
side holes, a proximal end communicating with the 
hollow inside of said body and having an introduc- 

50 tion passage with a hemostatic valve disposed 
therein. 

According to the invention, the area S1 of the 
opening at the distal end of said body is such as 
compared to the total opening area S2 of said 
55 plurality of side holes that the relation 2 X S1 £ S2 
£ 0.5 X S1 is satisfied. 

The connecting instrument has a tubular por- 
tion adapted to be inserted in said introduction 
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passage in a liquid-tight manner through the hemo- 
static valve, the inner surface of the tubular portion 
being tapered and the distal end of the tubular 
portion being disposed close or in abutting relation 
to the inner surface of the catheter body. 

In an advantageous embodiment, the distance 
LI from the distal end of said body to the side hole 
closest to said proximal end is such as compared 
to the whole length L2 of said body, that the 
relation of 2/3 X L2 £ L1 £ 1/3 X L2 is satisfied. 

A catheter according to the present invention is 
used with its body being percutaneously inserted 
into the blood vessel. 

When an auxiliary blood circulation operation is 
to be performed during PTCA or IABP heart treat- 
ment or during the treatment of acute heart failure, 
e.g. myocardial infarction, a blood circulation instru- 
ment is inserted into the introduction passage of 
the catheter. The hemostatic valve in the passage 
allows the blood circulation instrument to be in- 
serted in a liquid tight marker and without involving 
any blood leakage. 

When the catheter is on the blood-drawing 
side, the associated blood circulation instrument is 
connected with a blood-drawing line of the ex- 
tracorporeal circulation circuit so that blood in the 
patient's body is drawn out to the circuit through 
the catheter body and the blood circulation instru- 
ment. 

When the catheter is on the blood pumping-in 
side, the associated blood circulation instrument is 
connected with a blood pumping-in line of the 
circuit so that the extracorporeal ly circulated blood 
is pumped into the blood vessel through the blood 
circulation instrument and the catheter body. 

With the catheter according to the present in- 
vention which has at least one side holes formed in 
the catheter body, blood is drawn out or pumped in 
through not only the opening at the distal end of 
the body but also the side hole(s) of the body. 
Therefore, the catheter according to the present 
invention is able to operate with a small resistance 
to the flow of blood from the blood vessel to the 
catheter body or vice versa, hence, with a reduced 
pressure loss. Thus, the catheter according to the 
present invention which has a diameter small 
enough to facilitate percutaneous insertion is ca- 
pable of reducing the pressure loss, thereby as- 
suring sufficient amounts of drawn-out or pumped- 
in blood. 

The cathether according to the present inven- 
tion which has said side holes in the body is also 
such that, when it is used on the side of the blood- 
drawing line, the negative pressure applied through 
the line on the catheter body is distributed amoung 
the opening at the distal end and the side holes. 
Therefore, it is possible to reduce the risk that the 
catheter body subjected to the negative pressure 



may suck the blood vessel wall, to have the open- 
ings through which blood flows in, i.e., the opening 
at the distal end and the side holes, closed. 

Because the total opening area and position of 
5 the side holes satisfy the above-specified relation- 
ship, the amount of the blood drawn out or pumped 
in through the opening at the distal end of the 
catheter body can be at least a certain proportion 
to the total amount of drawn-out blood. Therefore, a 

w certain amount of blood can be positively drawn 
out or pumped in at the target portion within the 
blood vessel where the distal end of the catheter 
body is indwelt, relative to the amount of blood 
drawn out or pumped in through the side holes. 

75 The catheter of the present invention can be 

used for extra-corporeal circulation as an introduc- 
ing instrument including a sheath introducible into a 
blood vessel and a proximal part communicating 
with said sheath and having a plurality of introduc- 

20 tion passages with hemostatic valves disposed 
therein, the tubular portion of said connecting in- 
strument is capable of being connected with at 
least one of said introduction passages and also 
capable of being inserted in a liquid-tight manner 

25 through the hemostatic valve disposed in the con- 
nected introduction passages. 

An assembly for extracorporeal circulation ac- 
cording to the present invention is used with the 
sheath of the introducing instrument being percuta- 

30 neously inserted into the blood vessel. 

At this time, a catheter, for example, a PTCA 
catheter (i.e., a unit having a guide catheter and a 
balloon catheter guided thereby) is inserted 
through one of the introduction passages at the 

35 proximal part of the introducing instrument. The 
hemostatic valve in the introduction passage allows 
the catheter to be inserted into the passage in a 
liquid tight manner and without the risk of blood 
leakage. The inserted catheter -is introduced 

40 through the sheath to the target portion within the 
blood vessel (the constricted lesion of the coronary 
artery). 

Alternatively, an IABP balloon catheter may be 
inserted into one of the introduction passages of 

45 the introducing instrument. The hemostatic valve in 
the introduction passage also allows such a cath- 
eter to be inserted into the passage in a liquid tight 
manner and without the risk of blood leakage. The 
inserted catheter is introduced through the sheath 

so to the target portion of the blood vessel (the aorta). 

The introducing instrument may be able to 
allow a plurality of catheters, such as a PTCA 
catheter and an IABP catheter, to be individually 
inserted into the plurality of introduction passages 

55 so that these catheters are introduced through the 
sheath in a parallel manner to the respective target 
portions of the blood vessel. 
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During the PTCA or IABP heart treatment op- 
eration, when the patient goes into a shocked con- 
dition, or when it is necessary to strengthen the 
heart assisting function of the IABP, the connecting 
instrument is inserted into another passage of the 
introducing instrument which is not the passage(s) 
through which the PTCA and/or IABP catheters are 
introduced. The hemostatic valve in this other pas- 
sage enables liquid-tight, blood-leakage free inser- 
tion of the connecting instrument. The thus inserted 
connecting instrument is connected with a blood- 
transfusion line of an extracorporeal circulation cir- 
cuit so that, simultaneously with the PTCA or IABP 
operation, the extracorporeally circulated and ox- 
ygenated blood is transferred into the blood vessel 
through the connecting instrument and the sheath 
of the introducing instrument. 

When the patient is in a critical condition, the 
connecting instrument may be inserted into one of 
the introduction passages of the introducing instru- 
ment prior to the start of a PTCA or IABP operation 
so that extracorporeal circulation can be started 
whenever necessary. In this way, the necessary 
heart treatment can be performed with a higher 
level of safety. 

In carrying out the present invention, the diam- 
eter of a catheter (e.g., a PTCA catheter) inserted 
into the sheath of the introducing instrument is 
generally 8F or 9F (F = 1/3 mm). Therefore, in 
order to assure that, when a catheter is inserted 
into the sheath and indwelt, the blood from the 
blood-transfusion line of the extracorporeal circula- 
tion circuit is smoothly transferred through the con- 
necting instrument and the sheath portion into the 
blood vessel, the sheath should preferably have an 
inner diameter of 3 to 10 mm, more preferably, 5 
to 7 mm. If the inner diameter of the sheath is less 
than 3 mm, it is not possible to assure a sufficient 
flow passage area between the outer periphery of 
the catheter and the inner periphery of the sheath. 
In such cases, it is not possible to achieve the 
necessary flow of blood being transferred. If the 
blood circulation is caused under a constant pres- 
sure by a blood-transfusion pump in the extracor- 
poreal circulation circuit, the insufficient flow of 
blood resulting from the insufficient flow passage 
area leads to increased pressure loss, thereby in- 
volving the risk of hemolysis. On the other hand, it 
the inner diameter of the sheath is more than 10 
mm, the percutaneous insertion of the sheath will 
be difficult. 

In carrying out the present invention, if the 
sheath of the introducing instrument has at least 
one side hole formed therein, it is possible, when a 
catheter is inserted into the sheath and indwelt, to 
assure a sufficient area of opening through which 
blood flows, thereby enabling the attainment of the 
necessary blood-transfusion amount. 



In carrying out the present invention, if the 
proximal end of the introducing instrument has a 
passage capable of communicating with a tube 
having a cook at one end thereof, this passage 
5 may be used to inject a medicine liquid or to 
collect blood during the heart treatment. 

Non limitative examples of the invention will 
now be described in connection with the annexed 
drawings. 

70 Fig. 1 is a sectional view of the essential parts 
of an example of a catheter according to the 
present invention; 

Fig. 2 is a sectional view of the essential parts 
of an example of a connecting instrument used 
75 in combination with the catheter; 

Fig. 3 is a sectional view of an example of a 
blood vessel expander used in combination with 
the catheter; 

Fig. 4 is a sectional view showing a state of use 
20 of the catheter; 

Fig. 5 is a view schematically showing an ind- 
welt state of the catheter; 

Fig. 6 is a sectional view showing another state 
of use of the catheter; 
25 Fig. 7 is a sectional view of an example of an 
introducing instrument of an extracorporeal cir- 
culation assembly according to the present in- 
vention; 

Fig. 8 is a sectional view of an example of a 
30 connecting instrument of the assembly; and 

Fig. 9 is a sectional view of an example of a 
blood vessel expander used in the assembly. 
A catheter assembly 10 basically comprises a 
catheter 20 and a connecting instrument 30, and 
35 additionally comprises a dilator 40. 

The catheter 20 comprises, as shown in Fig. 1 , 
a body 21 and a proximal end 22. 

The body 21 of the catheter 20 is used in the 
state of being percutaneously inserted into the 
40 blood vessel. The catheter body 21 has an opening 
21 E at the distal end (hereinafter referred to as 
"the distal-end hole"), and a plurality of side holes 
21 H. 

The proximal end 22 of the catheter 20 is 
45 joined to one end portion of the catheter body 21 
to communicate therewith, and has an introduction 
passage 23. The introduction passage 23 has a 
hemostatic valve 25 which is disposed in an open- 
ing portion of the passage 23 and provided to 
50 prevent leakage of blood from the catheter body 21 
to the outside. 

The proximal end 22 also has a sub-passage 
27 capable of communicating with a tube having a 
cock at one end thereof, so as to function as a port 
55 which may be used to inject a medicine liquid or 
collect blood. 

The catheter 20 should preferably have an 
inner diameter of the body 21 which is within the 
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range from 2 to 10 mm in order to facilitate the 
percutaneous insertion of the catheter body 21. if 
this inner diameter is less than 2 mm, there is a 
risk that, during emergency auxiliary circulation, the 
amount of drawn-out or sent-in blood may fall short 
of the necessary amount If the inner diameter 
exceeds 10 mm, the percutaneous insertion of the 
catheter 20 will be difficult. 

The catheter 20 has the following arrangement. 
When the opening area of the distal-end hole 21 E 
of the catheter body 21 is expressed as S1, and 
the total opening area of the side holes 21 H is 
expressed as S2 (S2 = N x Sh if there are N side 
holes 21 E which each have an area of Sh), the 
relation of 2 x S1 £ S2 £ 0.5 x S1 is satisfied. In 
other words, the total opening area S2 of the side 
holes 21 H ranges from 1/2 to 2 times of the open- 
ing area S1 of the distal-end hole 21 E. If S2 is 
smaller than 1/2 x S1, when the catheter is on the 
blood-drawing side, the amount of blood drawn 
from the region where the side holes open, i.e., 
from the vena cava, will be insufficient. If S2 is 
greater than 2 x S1, the amount of the blood 
drawn from the superior vena cava will be insuffi- 
cient. 

The position at which the side holes 21 H are 
indwelt should preferably be as follows. If the cath- 
eter 20 is inserted into the femoral vein A, as 
shown in Fig. 5, the side holes 21 H should be 
positioned within the inferior vena cava C and in 
the region from the entrance of the right atrium B 
to the bifurcation D of the inferior vena cava C (the 
symbol E designating the superior vena cava). This 
is because, in this region, blood flows in such a 
sufficient amount as to assure the drawing of the 
necessary amount of blood. Therefore, if this posi- 
tion of the side holes 21 H relative to the patient's 
body is translated into their position relative to the 
catheter body 21 itself, the following can be said. 
The whole length L2 of the catheter body 21 must 
correspond to the sum of the first distance from the 
right atrium to the bifurcation of the inferior vena 
cava, the second distance from the bifurcation to 
the position where the catheter is percutaneously 
inserted into the femoral vein, and an additional 
length a of the catheter 20 outside the patient's 
body. In the case where the patient's body has a 
first distance of 30 to 40 cm and a second distance 
of 15 to 20 cm (as in the case of an American), the 
required whole length L2 of the catheter body 21 is 
60 cm. In this case, in order to assure the neces- 
sary amount of drawn-out blood, the side holes 
21 H should preferably be positioned occupying a 
length from the distal end of the catheter body 21 
which is 40 cm at most. Therefore, the whole 
length L2 of the catheter body 21 should satisfy the 
following relation with the distance L1 from the 
distal end of the catheter body 21 to the side hole 



closest to the proximal end 22: 2/3 x L2 L1. In 
the case where the patient's body is relatively 
small (as in the case of Japanese; the patient 
requiring extacorporeal circulation by the use of the 

s catheter according to the present invention often 
has a relatively small body), and where the first 
distance is about 2/3 of the corresponding hemo- 
static value in above-described case, i.e., about 20 
cm, the whole length L2 and the distance L1 

70 should satisfy the relation of L1 £ 1/3x L2. Thus, it 
is preferable that the whole length L2 and the 
distance L1 should satisfy the relation expressed 
as follows: 

75 2/3 x L2 £ L1 £ 1/3x L2 

If the catheter 20 satisfies this relationship it is 
possible to attain the necessary amount of blood 
drawn whether the patient's body is large or small. 

20 The catheter body 21 is made of a material 

such as a fluoroplastic, polyethylene, poly- 
propylene, or a polyester-based elastomer. The 
proximal end 22 is made of a material such as 
polyethylene, polypropylene, polyamide, polycar- 

25 bonate, or polystyrene. 

As shown in Fig. 2, the connecting instrument 
30 has a tubular portion 31 which can be con- 
nected with the introduction passage 23 in the 
proximal end 22 of the catheter 20, and be inserted 

30 in a liquid tight manner through the hemostatic 
valve 25 in the introduction passage 23. The other 
end of the tubular portion 31 is connected with the 
blood drawing-out or pumping-in line of the ex- 
tracorporeal circulation circuit. The connecting in- 

35 strument 30 also has a threaded connecting cap 32 
on the outer periphery of the tubular portion 31. 
When a female screw 32A of the connecting cap 
32 is threaded onto a male screw 23 A provided 
around the introduction passage 23 of the^proximal 

40 end 22, the connecting instrument 30 is fixed to the 
catheter 20. 

The catheter assembly 10 is such that, when 
the connecting instrument 30 is connected with the 
introduction passage 23 of the catheter proximal 

45 end 22, as shown in Fig. 4, the distal end of the 
tubular portion 31 of the connecting instrument 30 
is disposed adjacent to the inner surface of the 
catheter body 21. In this embodiment, that distal 
end abuts on the inner surface of the catheter body 

50 21. 

The inner surface of the tubular portion 31 of 
the connecting instrument 30 is tapered, more spe- 
cifically, converged with its diameter decreasing 
toward the distal end of the portion 31 . 
55 The tapering angle 6 (in Fig. 4) at which the 

inner surface of the tubular portion 31 is tapered 
should preferably be 5 to 1 5 degrees. 
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The tubular portion 31 of the connecting instru- 
ment 30 is made of a material such as polycar- 
bonate, a vinyl chloride resin, or polypropylene, 
while the cap 32 is made of a material such as 
polyamide, polycarbonate, or a vinyl chloride resin. 

The dilator 40 is capable of being inserted into 
and through the introduction passage 23 of the 
proximal end 22 of the catheter 20 as well as the 
body 21 of the catheter 20 so as to lead the 
catheter body 21 into the blood vessel. As shown 
in Fig. 3, the dilator 40 comprises a body 41 and a 
proximal end with a threaded connecting cap 42 
provided around the proximal end. When a female 
screw 42A of the connecting cap 42 is threaded 
onto the male screw 23A provided around the 
introduction passage 23 in the catheter proximal 
end 22 the dilator 40 is integrated with the catheter 
20. The body 41 of the dilator 40 is capable of 
being inserted in a liquid tight manner through the 
hemostatic valve 25 in the introduction passage 23 
of the catheter 20. The dilator 40 also has a hemo- 
static valve 43 provided at the outer end of the cap 
42. The dilator 40 allows the insertion therethrough 
of a mini guide wire 44 when the wire 44 is passed 
through the hemostatic valve 43 in a liquid tight 
manner. 

The dilator body 41 is made of a material such 
as polyethylene, polypropylene, or a polyester- 
based elastomer, while the connectiong cap 42 is 
made of a material such as polyamide, polycar- 
bonate, or a vinyl chloride resin. 

The catheter 20 of the above-described cath- 
eter assembly 10 is inserted into and indwelt in the 
blood vessel in the following manner: 

(1) An indwelling needle having an outer needle 
member and an inner needle member fit therein 
is percutaneously inserted into the blood vessel. 

(2) The inner needle member is removed. The 
mini guide wire 44 is passed through the outer 
needle member to be indwelt in the blood ves- 
sel. After the indwelling, the outer needle mem- 
ber is removed. 

(3) The catheter 20 and the dilator 40 integrated 
therewith are inserted into the blood vessel 
while they are guided by the mini guide wire 44. 
After the insertion, the mini guide wire 44 and 
the dilator 40 are removed, thereby indwelling 
the catheter 20 in the blood vessel. 

The catheter 20 indwelt in the blood vessel is 
used in the following manner: 

® When auxiliary blood circulation is to be 
performed during PTCA or IABP heart treatment 
or during the treatment of acute myocardial in- 
farction or heart failure, the connecting instru- 
ment 30 is inserted into the introduction pas- 
sage 23 of the catheter 20. By virtue of the 
hemostatic valve 25 of the introduction passage 
23, the connecting instrument 30 is inserted into 



the passage 23 in a liquid tight manner and 
without the risk of blood leakage. 
® The connecting instrument 30 of the catheter 
assembly 10 on the blood-drawing side is con- 

5 nected with the blood-drawing line of the ex- 

tracorporeal circulation circuit so that blood is 
drawn from the patient's body through the cath- 
eter body 21 and the tubular portion 31 of the 
connecting instrument 30. 

io © The connecting instrument 30 of the catheter 
assembly 10 on the blood pumping-in side is 
connected with the blood pumping-in line of the 
extracorporeal circulation circuit so that the ex- 
tracorporeal ly circulated blood is pumped into 

75 the blood vessel through the tubular portion 31 
of the connecting instrument 30 and the catheter 
body 21. ~ 

The catheter 20 according to the present in- 
vention can be percutaneously inserted into the 
20 femoral vein in such a manner that the distal-end 
hole 21 E of the catheter body 21 is positioned in 
the vicinity of the right atrium, and can be con- 
nected with the blood-drawing line of the extracor- 
poreal circulation circuit so as to draw blood from 
25 the right atrium and the venae cavae. At this time, 
the position of the side holes 21 H of the catheter 
body 21 is such that the holes 21 H are distributed 
from the vicinity of the bifurcation of the inferior 
vena cava to the vicinity of the right atrium. 
30 The catheter 20 provides the following advan- 

tages (1) to (3): 

(1) The catheter 20 allows blood to be drawn out 
or pumped in through not only the distal-end 
hole 21 E of the catheter body 21 but also the 
35 side holes 21 H thereof. Therefore, the catheter 
20 according to the present invention is capable 
of reducing the resistance to the flow of blood 
from the blood vessel to the catheter body 21 or 
vice veasa, thereby reducing the pressure loss. 
40 Thus the catheter 20, of which the diameter is 
small enough to facilitate the percutaneous in- 
sertion of the catheter 20, is capable of reducing 
the pressure loss, hence, of assuring sufficient 
amount of drawn-out or pumped-in blood. 
45 (2) When the catheter 20 is used on the side of 
the blood-drawing line, by virtue of the provision 
of the side holes 21 H in the catheter body 21, 
the negative pressure applied through the blood- 
drawing line to the body 21 is distributed among 
50 the distal-end hole 21 E and the side holes 21 H 
of the catheter body 21, thereby reducing the 
risk that the negative pressure may cause the 
blood vessel wall to be sucked by the body 21, 
to close the inlets (the distal-end hole 21 E and 
55 the side holes 21 H) through which blood flows 
in. 

(3) It is possible to assure that the amount of 
blood drawn out or pumped in through the dis- 
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tal-end hole 21 E is at least at a certain propor- 
tion to the total amount of drawn-out blood. 
Therefore, a certain amount of blood can be 
positively drawn out or pumped in at the target 
portion within the blood vessel where the lead- 
ing end of the catheter body is indwelt, relative 
to the amount of blood drawn out or pumped in 
through the side holes. 

This advantage will be understood clearly by 
considering the following case. When the body 21 
of the catheter 20 is percutaneously inserted into, 
for instance, the femoral vein with the distal-end 
hole 21 E being positioned in the right atrium, as 
described above, so as to draw blood, if all of the 
amount of blood to be extracorporeal ly circulated is 
drawn through the side holes 21 H, this makes it 
impossible for blood from the superior vena cava to 
be circulated in the extracorporeal circuit, thereby, 
resulting in a very dangerous state. In contrast, the 
catheter 20 according to the present invention is 
such that, as described in (3), it does not cause all 
of the circulation amount to be drain through the 
side holes 21 H, but causes a large amount of blood 
to be drawn through the distal-end hole 21 E. Thus, 
the catheter 20 enables blood which is circulating 
from the superior vena cava to the right atrium to 
be drawn through the distal-end hole 21 E and 
extracorporeal ly circulated. 

Experiments were conducted on a specific 
sample of the catheter 20, in which the length of 
the body 21 was 20 cm, the inner diameter was 5.2 
mm, the number of side holes 21 H was six, the 
diameter of the side holes 21 H was 2.1 mm, and 
the side holes 21 H were formed at intervals of 5 
cm within a region extending through 30 cm from 
the distal-end of the body 21. The opening area S1 
of the distal-end hole 21 E was 21.23 mm 2 , and the 
total opening area of the side holes 21 H was 20.76 
mm 2 , thereby satisfying the relation of 2S1 £ S2 £ 
0,5S1. As a result, the catheter 20, which had a 
diameter small enough to facilitate percutaneous 
insertion at the time of auxiliary blood circulation, 
was found to be capable of assuring a sufficient 
amount of drawn-out or pumped-in blood. 

According to the above-described embodiment, 
since the catheter 20 has the sub-passage 27 at 
the proximal end 22, it is possible to use the 
passage 27 to perform the injection of a medicine 
liquid or the collection of blood simultaneously with 
heart treatment or the like. 

In earring out the present invention, the in- 
troduction passage of the proximal end of the cath- 
eter may alloy the insertion of an insertion body 
other than the connecting instrument connected 
with the blood-drawing line or the blood pumping-in 
line of the extracorporeal circulation circuit. For 
instance, a catheter for heart treatment (e.g., a unit 
having a guide catheter and a balloon catheter 



guided thereby), or a connecting instrument con- 
nected with a medicine liquid supply line may be 
inserted into the introduction passage. 

A catheter assembly 50, shown in Fig 6, is a 

5 modification of the above-described catheter as- 
sembly 10. Similarly to the catheter assembly 10, 
the catheter assembly 50 basically comprises a 
catheter 20 and a connecting instrument 30, and 
additionally comprises a dilator 40. 

to The substantial difference of the catheter as- 

sembly 50 from the catheter assembly 10 is that 
when the connecting instrument 30 is connected to 
the introduction passage 23 of the catheter 20, the 
distal-end of the tubular portion 31 of the connect- 

15 ing instrument 30 does not abut on the inner sur- 
face of the body 21 of the catheter 20, but is 
disposed closerio :the inner surface with a certain 
gap. 

Therefore, with the catheter assembly 50, when 

20 the sub-passage 27 in the proximal end 22 of the 
catheter 20 is connected through a side tube 51 
and a three-way cock 52 to a pressure transducer 
(not shown) so as to measure the blood pressure, 
the blood pressure introduced by the catheter body 

25 21 can be applied to the sub-passage 27 through 
the gap between the inner surface of the body 21 
and the distal-end of the tubular portion 31, thus 
without any substantial resistance. This enables 
highly precise pressure measurement. 

30 In a further embodiment illustrated on figures 7 

to 9, an assembly for extracorporeal circulation 
basically comprises an introducing instrument 120 
and a connecting instrument 130, and additionally 
comprises a dilator 140. 

35 The introducing instrument 120 comprises, as 

shown in Fig. 7, a sheath 121 and a proximal part 
122. 

The sheath 121 is used in the state of being 
percutaneously inserted into the blood vessel. The- 

40 sheath 121 includes a plurality of side holes 121H. 

The proximal part 122 of the introducing instru- 
ment 120 is jointed to one end portion of the 
sheath 121 to communicate therewith, and has a 
first introduction passage 123 as well as a second 

45 introduction passage 124. The introduction pas- 
sages 123 and 124 have hemostatic valves 125 
and 126, respectively, which are disposed in open- 
ing portion of the passages 123 and 124, and 
provided to prevent leakage of blood from the 

50 sheath 121 to the outside. 

The proximal part 122 also has a sub-passage 
127 capable of communicating with a tube having a 
cock at one end thereof, so as to function as a port 
which may be used to inject a medicine liquid or 

55 collect blood. 

The sheath 121 is made of a material such as 
a fluoroplastic, polyethylene, or a polyester-based 
elastomer. The proximal part 122 is made of a 
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material such as polyethylene, polypropylene, 
polyamide, polycarbonate, or polystyrene. 

As shown In Fig. 8, the connecting instrument 
130 has a tubular portion 131 which can commu- 
nicate with the first introducticn passage 123 in the 
proximal part 122 of the introducing instrument 
120, and be inserted in a liquid tight manner 
through the hemostatic valve 125 in the introduc- 
tion passage 123. The other end of the tubular 
portion 131 is connected with the blood-transfusion 
line of the extracorporeal circulation circuit. The 
connecting instrument 130 also has a threaded 
connecting cap 132 on the outer periphery of the 
tubular portion 131. When a female screw 132A of 
the connecting cap 132 is threaded onto a male 
screw 123A provided around the first introduction 
passage 123 of the proximal part 122, the connect- 
ing instrument 130 is fixed to the introducing instru- 
ment 120. 

The tubular portion 131 of the connecting in- 
strument 130 is made of a material such as poly- 
carbonate, a vinyl chloride resin, or polypropylene, 
while the cap 132 is made of a material such as 
polyamide, polycarbonate, or a vinyl chloride resin. 

The dilator 140 is capable of being inserted 
into and through the first introduction passage 123 
of the proximal part 122 of the introducing instru- 
ment 120 as well as the sheath 121 of the instru- 
ment 120 so as to lead the sheath 121 into the 
blood vessel. As shown in Fig. 9. the dilator 140 
comprises a body 141 and a proximal part with a 
threaded connecting cap 142 provided around the 
proximal part. When a female screw 142A of the 
connecting cap 142 is threaded onto the male 
screw 123A provided around the first introduction 
passage 123 in the proximal part 122, the dilator 
140 is integrated with the introducing instrument 
120. The body 141 of the dilator 140 is capable of 
being inserted in a liquid tight manner through the 
hemostatic valve 125 in the introduction passage 
123 of the proximal part 122. The dilator 140 also 
has a hemostatic valve 143 provided at the outer 
end of the cap 142. The dilator 140 allows the 
insertion therethrough of a mini guide wire 144 
when the wire 144 is passed through the hemo- 
static valve 143 in a liquid tight manner. 

The dilator 140 is made of a material such as 
polyethylene, polypropylene, or a polyester-based 
elastomer, while the connecting cap 142 is made of 
a material such as polyamide, polycarbonate, or a 
vinyl chloride resin. 

The introduction instrument 120 of the above- 
described extracorporeal circulation assembly is in- 
serted into and indwelt in the blood vessel in the 
following manner: 

(1) An indwelling needle having an outer needle 
member and an inner needle member fit therein 
is percutaneously inserted into the blood vessel. 



(2) The inner needle member is removed. The 
mini guide wire 144 is passed through the outer 
needle member to be indwelt in the blood ves- 
sel. After the indwelling, the outer needle mem- 

5 ber is removed. 

(3) The introducing instrument 120 and the dila- 
tor 140 integrate, therewith are inserted into the 
blood vessel while they are guided by the mini 
guide wire 144. After the insertion, the mini 

70 guide wire 144 and the dilator 140 are removed, 
thereby indwelling the introducing instrument 
120 in the blood vessel. 

The introducing instrument 120 indwelt in the 
blood vessel is used in the following manner: 

75 (a) First an insertion body such as a PCTA 
catheter (a unit having a guide catheter and a 
balloon caltiete* guided theterby) is inserted into 
the second introduction passage 1 24 in the 
proximal part 122 of the introducing instrument 

20 120 while this catheter is guided by a guide wire 
already passed through the second introduction 
passage 124. By virtue of the hemostatic valve 
1 26 of the second introduction passage 1 24, the 
catheter is inserted into the introduction passage 

25 124 in a liquid tight manner and without the risk 
of blood leakage. The inserted catheter is intro- 
duced, through the sheath 121, to the target 
portion in the blood vessel (the lesion in the 
coronary artery). 

30 Alternatively, an IABP balloon catheter may 

be inserted into the second introduction passage 
124 of the introducing instrument 120 while this 
catheter is guided by a guide wire already 
passed through the second introduction passage 

35 124. Also in this case, the hemostatic valve 126 
of the second introduction passage 124 enables 
the liquid-tight, blood-leakage free insertion of 
the catheter into the introduction passage 124. 
The inserted catheter is introduced, through the 

40 sheath 121, to the target portion in the blood 
vessel (the proximal part portion of the aorta), 
(b) During the PTCA or IABP heart treatment 
operation, when the patient goes into a shocked 
condition, or when it is necessary to strengthen 

45 the heart assisting function of the IABP, the 
connecting instrument 130 is inserted into the 
first introduction passage 123 of the introducing 
instrument 120. By virtue of the hemostatic 
valve 125 of the first introduction pass age 123, 

so the connecting instrument 130 is inserted into 
the introduction passage 123 in a liquid tight 
manner and without the risk of blood leakage. 
The inserted connecting instrument 130 is con- 
nected with a blood-transfusion line of an ex- 

55 tracorporeal circulation circuit, so that, simulta- 
neously with the PTCA or IABP operation, the 
extracorporeally circulated and oxygenated 
blood is transferred to the blood vessel through 
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the connecting instrument 130 and the sheath 
121. 

When the patient is in a critical condition, the 
connecting instrument 130 may be inserted into the 
first introduction passage 123 of the introducing 
instrument 120 prior to the start of the PTCA or 
IABP operation so that extracorporeal circulation 
can be started whenever necessary. In this way, 
the necessary heart treatment can be performed 
with a higher level of safety. 

In the above-described enbodiment, the diam- 
eter of a catheter, such as PTCA catheter, inserted 
into the sheath 121 of the introducing instrument 
120 is generally 8F or 9F. Therefore, in order to 
assure that, when a catheter is inserted into the 
sheath 121 and indwelt, the blood from the blood- 
transfusion line of the extracorporeal circulation cir- 
cuit is smoothty transferred through the connecting 
instrument 130 and the sheath 121 into the blood 
vessel, the inner diameter of the sheath 121 should 
preferably be 3 to 10 mm, more preferably 5 to 7 
mm, for the reasons stated before in the summary 
section. 

In the above-described embodiment, since the 
sheath 121 of the introducing instrument 120 has 
the side holes 121H, it is possible, when a catheter 
is inserted into the sheath 121 and indwelt, to 
assure a sufficient area of opening through which 
blood flows, thereby enabling the attainment of the 
necessary blood-transfusion amount. 

Also in the above-described enbodiment, since 
the proximal part 122 of the introducing instrument 
120 has the sub-passage 127, it is possible to use 
the passage 127 to perform the injection of a 
medicine liquid or the collection of blood simulta- 
neously with heart treatment or the like. 

In carrying out the present invention, the proxi- 
mal part of the introducing instrument may have 
three ormore introduction passages. 

In carrying out the present invention, a plurality 
of connecting instruments may be individually con- 
nected to two or more introduction passages of the 
proximal part of the introducing instrument. 

In carrying out the present invention, the in- 
troduction passages of the proximal part of the 
introducing instrument may allow the insertion of 
insertion bodies other than the catheter and the 
connecting instrument connected with the blood- 
transfusion line of the extracorporeal circulation cir- 
cuit. For instance, a connecting instrument con- 
nected with a medicine liquid supply line may be 
inserted into the introduction passage. 

As has been described above, according to the 
present invention, there is provided a catheter that 
has a diameter small enough to facilitate percuta- 
neous insertion at the time of auxiliary blood cir- 
culation but is capable of assuring a sufficient 
amount of drawn-out or pumped-in blood. 



According to the present invention, there is 
also provided an assembly for extracorporeal cir- 
culation that enable extracorporeal circulation to be 
effected simultaneously with the execution of heart 
5 treatment. 

Claims 

1. A catheter assembly comprising a catheter 
io (20) and a connecting instrument (30) ; the 

catheter (20) having a hollow body (21) in- 
troducible into a blood vessel and provided 
with an opening (21 E) at a distal end thereof 
and a plurality of side holes (21 H), a proximal 

is end communicating with the hollow inside of 

said body (21) and having an introduction pas- 
-S3gae?{23) with a hemostatic valve (25) dis- 
posed therein ; characterized in that the area 
(S1) of the opening (21 E) at the distal end of 

20 said body (21 ) is such as compared to the total 

opening area (S2) of said plurality of side holes 
(21 H) that the relation 2 X S1 £ S2 Z 0.5 X S1 
is " satisfied ; and the connecting instrument 
(30) has a tubular portion (31) adapted to be 

25 inserted in said introduction passage (23) in a 

liquid-tight manner through the hemostatic 
valve (25) the inner surface of the tubular por- 
tion (31) being tapered and the distal end of 
the tubular portion (31) being disposed close 

30 or in abutting relation to the inner surface of 

the catheter body (21). 

2. A catheter according to claim 1, wherein the 
distance (L1) from the distal end of said body 

35 to the side hole closest to said proximal end is 

such as compared to the whole length (12) of 
said body, that the relation of 2/3 X L2 £ L1 £ 
1/3 X L2 is satisfied. 

40 3. A catheter assembly according to claim 1 or 2, 
wherein the inner diameter of the catheter 
body (21) is within the range from 2 to 10 mm. 

4. Catheter assembly according to anyone of 
46 claims 1 to 3, wherein the tapering angle of the 

tubular portion (31) of the connecting instru- 
ment is of 5 to 1 5 • . 

5. Catheter assembly according to anyone of 
so claims 1 to 4 further comprising a dilator (40) 

capable of being inserted into end through said 
introduction passage (23) of the catheter (20) 
through the hemostatic valve (25). 

55 6. Catheter assembly according to anyone of 
claims 1 to 5, wherein the proximal end of the 
catheter (20) is further provided with a sub- 
passage (27) which may be connected to a 
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side tube. 

7. Catheter assembly of any preceding claim for 
extra-corporeal circulation, characterized in that 
the catheter includes a sheath (121) introduci- 5 
bie into a blood vessel and a proximal part 
(122) communicating with said sheath (121) 
and having a plurality of introduction passages 
(123, 124) with hemostatic valves (125, 126) 
disposed therein, said tubular portion (131) of io 
said connecting instrument (130) being capa- 
ble of being connected with at least one of 
said introduction passages and capable of be- 
ing inserted in a liquid-tight manner through 
the hemostatic valve disposed in the connect- 75 
ed introduction passage. 

Patentanspruche 

1. Katheterinstrumentarium, mit: einem Katheter 20 
(20) und einer Verbindungsvorrichtung (30), 
wobei der Katheter (20) ein Hohlteil (21) hat, 

das in ein BlutgefaB einfuhrbar ist, und an 
seinem distalen Endabschnitt mit einer Off- 
nung (21 E) und einer Vielzahl von SeitenIS- 25 
chern (21 H) versehen ist, wobei ein proximaler 
Endabschnitt mit der hohlen Innenseite des 
Teils (21) in Verbindung steht, und einen Ein- 
leitungskanal mit einem darin angeordneten 
hamostatischen Ventil (25) hat, dadurch ge- 30 
kennzelchnet, daB die Flache (S1) der 6ff- 
nung (21 E) an dem distalen Endabschnitt des 
Teils (21) im Vergleich zu der Gesamtoff- 
nungsflache (S2) der Vielzahl von Seitenlo- 
chern (21 H) derart ist, daB die Beziehung 2 X 35 
S1 £ S2 £ 0.5 X S1 erfUlit ist, und die Verbin- 
dungsvorrichtung (30) einen rohrenformigen 
Abschnitt (31) hat, der dazu angepaBt ist, 
durch das ha mostatische Ventil (25) auf eine 
flQssigkeitsdichte Weise in den Einleitungska- 40 
nal (23) eingefuhrt zu werden, wobei die innere 
Flache des rohrenformigen Abschnitts (31) ke- 
gelformig ist. und der distale Endabschnitt des 
rohrenformigen Abschnitts (31) nahe der oder 
in An lage- Beziehung zu der inneren Flache 45 
des Katheterteils (21) angeordnet ist. 

2. Katheter gem3B Anspruch 1, wobei der Ab- 
stand (L1) von dem distalen Endabschnitt des 
Teils zu dem Seitenloch, das dem proximalen 50 
Endabschnitt am nSchsten ist, im Vergleich zu 

der gesamten Lange (L2) des Teils derart ist, 
daB die Beziehung 2/3XL2£L1*1/3XL2 
erfUlit ist. 

55 

3. Katheterinstrumentarium gemSB Anspruch 1 
oder 2, wobei der innere Durchmesser des 
Katheterteils (21 ) innerhalb des Bereichs von 2 



bis 10 mm ist. 

4. Katheterinstrumentarium gemSB einem der An- 
sprtiche 1 bis 3, wobei der Kegelwinkel des 
rohrenformigen Abschnitts (31) der Verbin- 
dungsvorrichtung 5 bis 1 5 • ist. 

5. Katheterinstrumentarium gemaB einem der An- 
sprUche 1 bis 4, das ferner einen Dilator (40) 
aufweist, der durch das hamostatische Ventil 
(25) in und durch den Einleitungskanal (23) 
des Katheters (20) einfUhrbar ist. 

6. Katheterinstrumentarium gemSB einem der An- 
sprOche 1 bis 5, wobei der proximale Endab- 
schnitt des Katheters (20) ferner mit einem 

-^Nofeenkanal (27) versehen ist, der mit einer 
Seitenrohre verbunden werden kann. 

7. Katheterinstrumentarium zur extrakorporalen 
Zirkulation gemSB einem vorangehenden An- 
spruch, dadurch gekennzeichnet, daB der 
Katheter eine in ein BlutgefaB einleitbare HOIse 
(121) und ein proximales Teil (122) aufweist, 
das mit der Hulse (121) in Verbindung steht, 
und eine Vielzahl von Einleitungskanalen (123, 
124) mit darin angeordneten hamostatischen 
Ventilen (125, 126) hat, wobei der rohrenformi- 
ge Abschnitt (131) der Verbindungsvorrichtung 
(130) mit mindestens einem der Einleitungska- 
nSle verbindbar ist, und durch das in dem 
verbundenen Einleitungskanal angeordnete ha- 
mostatische Ventil auf eine flUssigkeitsdichte 
Weise einfOhrbar ist. 

Revendlcations 

1. Ensemble de catheter comprenant un catheter 

(20) et un instrument de raccordement (30), le 
catheter (20) ayant un corps creux (21) qui 
peut etre introduit dans un vaisseau sanguin et 
qui est muni d'une ouverture (21 E) en son 
extnSmite distale et d'une plurality de trous 
late>aux (21 H), une extre'mite* proximale qui 
communique avec I'inteneur creux dudit corps 

(21) et qui comporte un passage d'introduction 
(23) dans lequel est placed une valve hdmosta- 
tique (25), 

caracteVise" en ce que la superficie (S1 ) de 
I'ouverture (21 E) se trouvant a I'extr^mite" dis- 
tale dudit corps (21) est telle, compared a la 
superficie totale d'ouverture (S2) de ladite plu- 
rality de trous lateVaux (21 H), que la relation 2 
x S1 £ S2 £ 0,5 x S1 est satisfaite, et I'instru- 
ment de raccordement (30) comprend une par- 
tie tubulaire (31) pouvant §tre introduite dans 
Ledit passage d'introduction (23) d'une manie- 
re elanche aux liquides par I'interme'diaire de 
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la valve hSmostatique (25), ta surface inteVieure 
de la partie tubutaire (31) gtant conique et 
rextrSmitS distale de la partie tubulaire (31) 
gtant placed pres de la surface inteVieure du 
corps (21 ) de catheter ou en contact avec elle. 5 

2. Catheter selon la revendication 1, dans lequel 
la distance (LI) entre rextrgmite* distale dudit 
corps et le trou lateral le plus proche de ladite 
extre'mite' proximate est telle, compared a la 10 
longueur totale (L2) dudit corps, que la relation 

2/3 x L2 £ L1 £ 1/3 x L2 est satisfaite. 

3. Ensemble de catheter selon la revendication 1 

ou 2, dans lequel le diametre inte>ieur du 75 
corps (21) de catheter se situe dans la plage 
allant de 2 a 10 mm. -~ 

4. Ensemble de catheter selon Tune quelconque 

des revendications 1 a 3, dans lequel Tangle 20 
de conicite de la partie tubulaire (31) de Pins- 
trument de raccordement vaut de 5 a 15'. 

5. Ensemble de catheter selon Tune quelconque 

des revendications 1 a 4, comprenant en outre 25 
un dilatateur (40) pouvant etre introduit dans et 
a travers ledit passage d'introduction (23) dudit 
catheter (20) par PintermSdiaire de la valve 
h^mostatique (25). 

30 

6. Ensemble de catheter selon Tune quelconque 
des revendications 1 a 5, dans lequel Pextr6- 
mite" proximale du catheter (20) est en outre 
pourvue d'un passage auxiliaire (27) qui peut 

etre raccorde" a un tube lateral. 35 

7. Ensemble de catheter selon Tune quelconque 
des revendications prgcedentes, destine* a une 
circulation extracorporal le, caracteVise" en ce 

que le catheter comprend une gaine (121) pou- 40 
vant £tre introduite dans un vaisseau sanguin 
et une piece proximale (122) qui communique 
avec ladite gaine (121) et qui pr£sente une 
plurality de passages d'introduction (123, 124) 
dans lesquels sont placets des valves h6mos- 45 
tatiques (125, 126), ladite partie tubulaire (131) 
dudit instrument de raccordement (130) pou- 
vant §tre raccord£e a Tun au moins desdits 
passages d'introduction et pouvant §tre intro- 
duite d'une maniere £tanche aux liquides par 50 
Pintermgdiaire de la valve hSmostatique placed 
dans le passage d'introduction raccorde\ 
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